Abstract-A new method for coherence enhancement is proposed based on the mathematical model on the relationship between the amplitude and the phase of the complex signals. An optimal projection direction of scattering vectors is derived for maximizing the amplitudes of the master and slave complex images. The experimental results demonstrate the effectiveness of the proposed approach.
Since each scattering cell of the polarimetric interferometric SAR (PolInSAR) data has two scattering matrixes or scattering vectors corresponding to the master and the slave antennas, coherence enhancement between the master and slave images becomes possible. In recent years, several algorithms have been proposed, such as the optimal vector interferometry in [1] , the coherent decompositions method in [2] and so on. In this paper, a quite different method is proposed, based on the optimization of the amplitudes of the complex signals. For each pixel, an optimal projection direction is obtained for the master and slave scattering vectors. The coherence between two projections is enhanced remarkable and the interferometric phase is improved obviously.
THE OPTIMAL PROJECTION DIRECTION MODEL
In the single channel interformetry, e.g., HH, the master and slave images are denoted as M and S, respectively. The coherence between them is defined as:
where . represents the neighborhood average, S M and S S are signals in M and S, * denotes complex conjugate. In the complex images, the amplitudes of the signals vary with the terrain. For some pixels, the amplitudes of the received signals are very weak. In this case, the phases are unreliable. For example, if there are two signals S 1 = 0.00001 and S 2 = −0.00001, both of them are very close to zero, i.e., |S 1 | ≈ |S 2 | ≈ 0. However, the difference between the phases is π. In addition, weak signals imply in general that the corresponding SNR is low. So the phases of very weak signals are not reliable. In SAR interferometry, the interferometric phase is defined as the difference between the master and slave phases. If any one of two phases is unreliable, the interferometric phase is unreliable. Therefore, we hope that both the master and slave amplitudes would be as large as possible.
For polarimetric SAR interferometry the master and slave scattering vectors of each pixel are denoted as:
where T means transpose. In order to enhance the reliability (coherence) of the interferometric phase, a projection direction (a unitary vector w) should be derived. We define the projections as µ M = w H k M and µ S = w H k S , then we hope that both the amplitudes of µ M and µ S are as large as possible synchronously. So the optimal projection direction model is given as follows:
where H means complex conjugate transpose.
THE SOLUTION OF THE MODEL
In order to obtain the analytic solution of the above problem, we transform it into an equivalent problem as follows:
From the quadratic programming theory, the solution has two following situations.
In the first situation, the non-restricted maximum of |w H k M | 2 and |w H k S | 2 are both not located in the restricted range. At this time, a and b must be located on the boundary. So when w is the optimal projection direction, the both projections must have the same amplitudes:
In this situation, an eigen-decomposition method can be used to obtain the analytic solution. From (5), it can be derived that w
is an arbitrary complex number except zero), it can be contained in the second situation. If k M = ck S , the matrix
S has three eigenvalues λ 1 > 0, λ 2 < 0, λ 3 = 0 and the corresponding eigenvecters are v 1 , v 2 , v 3 , respectively. We finally obtain:
In the second situation, the non-restricted maximum of |w H k M | 2 or |w H k S | 2 is located in the restricted range. So the optimal w has the same direction as k M or k S which has a less amplitude:
For each pixel, both the situations are considered. Comparing the values of the objective function in different situations, we can make a decision. 
EXPERIMENTAL RESULT
The experimental data used are L-band scattering matrix single-look complex image pairs of the Tien Shan test site acquired by the SIR-C/X-SAR radar system on Oct. 8 and 9, 1994. In Fig. 1 , most of the terrain is hilly country. In the shadow, the coherence may be low. The minimal amplitude of the pair of images in HH channel is shown in Fig. 1(a) . The average is 0.3250. After the coherence enhancement, the average of the fused image increases to 0.5414 and the image is shown in Fig. 1(b) .
The coherence maps of HH channel and the fused images are shown in Fig. 2 . The value is obviously larger after fusion. The mean coherence increases from 0.7632 to 0.8868. The enhanced coherence is much better than the one of HH channel. So the corresponding interferometric phase map becomes better after fusion, which is shown in Fig. 3 . The residue number reduces from 94923 to 22528. 
CONCLUSION
Considering the infection of the signal amplitude to the phase, a novel polarimetric fusion method has been proposed to enhance the coherence. After projecting the two scattering vectors to the same optimal direction, the less amplitude of a pair of projections is maximized. So the reliability (coherence) of the interferometric phase is enhanced effectively and the phase noise is reduced obviously. This will be helpful for phase unwrapping and DEM generation.
